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byte 8 = respiration rate, where 

0 through 100 = respiration rate, in breaths per minute 

250 = cannot determine respiration rate (e.g. too much noise) 

byte 9 = confidence score of the overall health state assessment 
5 byte 10 = spare byte available for debug, testing, or future use 

The checksum is a 16-bit summation of each of the data bytes. The summing is done 
byte- wide, but the result is 16-bIts wide. 

All multi-byte entities are transmitted little-endian (lowest byte first). The only data that 
10 is affected by this rule is the 16-bit checksum since all other protocol elements are bytes. 
Orientation is interpreted using the diagram of Figure 33. 
What is claimed is: 

1 . A life signs detection system for monitoring subjects, said system comprising 
a plurality of wearable platfomis, each wearable platfomi comprising 
15 a sensor subsystem having a respiration rate sensor that detects abdominal 

motion of a subject, 
a processor, and 

a transmitter for local sensor data of medical state infomiation , 
a plurality of local hubs each comprising 
20 a separate wearable package comprising 

a local transceiver hub accepting connection from an external 

display and comprising 
a receiver for local sensor data from said wearable platforms, 
a remote base station receiving information from a plurality of local hubs and 
25 comprising said external display, and 
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a rule processing engine comprising 

a processor executing a health state assessment algorithm that performs a 
medical evaluation and determines a confidence level for the evaluation, said algoritlim 
comprising a mle set to calculate a health state classification and indicator of confidence. 

5 

2. The life signs detection system of claim 1 wherein the processing engine employs 
a subject personal baseline dependent rule set and tabulated parameter values. 

3. The life signs detection system of claim 1 wherein the transmitter of the wearable 
10 platform is a short range RF transmitter having low bandwidth output for local sensor 

data. 

4. The life signs detection system of claim 1 wherein the local transceiver hub 
comprises a short range RJF transceiver, a medium or long range transmitter/transceiver 

15 and a processor. 

5. The life signs detection system of claim 1 wherein said local sensor data 
comprises periodic and on demand digital data packets of medical state infomiation from 
said wearable platfomis. 

20 • • .... 

6. The life signs detection system of claim 1 wherein said remote base station is a 
PDA. 
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7. The life signs detection system of claim 1 wherein said algorithm estimates the 
likelihood of injury. 



8. The life signs detection system of claim 1 wherein said algorithm estimates the 
5 likelihood of an injury and the nature of the injury 

9. The life signs detection system of claim 1 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

10. The life signs detection system of claim 1 wherein said display comprises color coded 
health state classifications and decision confidence score. 

1 1 A life signs detection system for monitoring subjects, said system comprising 
a plurality of wearable platfomis, each wearable platform comprising 

a sensor subsystem having a respiration rate sensor that detects abdominal motion 

of a subject, 
a processor, and 

a transmitter for local sensor data of medical state information , 
a plurality of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection firom an extemal display and 
comprising 
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a receiver for local sensor data from said wearable platforms, 
a remote base station receiving information from a plurality of local hubs and comprising 

said extemal display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that performs a medical 
evaluation and detennines a confidence level for the evaluation, said algorithm comprising a rule 
set to calculate a health state classification and indicator of confidence, 

said rule set providing data prioritization detemiining the order for 
proceeding through data interpretation rules for which value levels are predetermined, 
said algorithm comprising interpretation lailes for each health state. 

12. The life signs detection system of claim 1 1 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 

13. The life signs detection system of claim 1 1 wherein said algoritlom comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnohnal values for each 
personal baseline. 

14. The life signs detection system of claim 1 1 wherein the transmitter of the wearable 
platfomi is a short range RF transmitter having low bandwidth output for local sensor data. 

15. The life signs detection system of claim 1 1 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 
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16. The life sigtis detection system of claim 1 1 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platforms. 

17. The life signs detection system of claim 1 1 wherein said remote base station is a PDA. 

IS. The life signs detection system of claim 1 1 wherein said algorithm estimates the 
likelihood of injury, 

19. The life signs detection system of claim 1 1 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 

20. The life signs detection system of claim 1 1 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

.21. The life signs detection system of claim 1 1 wherein said display comprises color coded 

health state classifications and decision confidence score. 

22. A life signs detection system for monitoring subjects, said system comprising 
a plurality of wearable platfonns, each wearable platfomi comprising 

a sensor subsystem having a respiration rate sensor that detects abdominal motion 

of a subject, 
a processor, and 
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a transmitter for local sensor data of medical state information , 
a plurality of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection from an external display and 
comprising 

a receiver for local sensor data from said wearable platforms, 
a remote base station receiving information from a plurality of local hubs and comprising 

said external display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that perfonns a medical 
evaluation and determines a confidence level for the evaluation, said algorithm comprising a rule 
set to calculate a health state classification and indicator of confidence, 

said rule set providing data prioritization detemiining the order for 
proceeding tluough data interpretation rules for which value levels are predetermined, 
said algoritlim comprising interpretation rules for each health state, 
wherein the confidence level is based on the likelihood of new state transitions and 
utilizes decision matrices dependent upon the number of parameter values received in a 
predetennined time interval. 

23. The life signs detection system of claim 22 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 
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24. The life signs detection system of claim 22 wherein said algorithm comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnormal values for each 
personal baseline. 

25. The life signs detection system of claim 22 wherein the transmitter of the wearable 
platform is a short range RF transmitter having low bandwidth output for local sensor data. 

26. The life signs detection system of claim 22 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range ti'ansmitter/transceiver and a processor. 

27. The life signs detection system of claim 22 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state infonnation from said wearable 
platfonns. 

28. The life signs detection system of claim 22 wherein said remote base station is a PDA 

29. The life signs detection system of claim 22 wherein said algorithm estimates the 
likelihood of injury, 

30. The life signs detection system bf claim 22 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 
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31. The life signs detection system of claim 22 wherein the processing engine employs a 
subject personal baseline dependent rule set. 



32. The life signs detection system of claim 22 wherein said display comprises color coded 
health state classifications and decision confidence score. 

33. A life signs detection system for monitoring subjects, said system comprising 
a plurality of wearable platforms, each wearable platform comprising 

a sensor subsystem having a respiration rate sensor that detects abdominal motion 

of a subject, 
a processor, and 

a transmitter for local sensor data of medical state infomiation , 
a plurality of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection from an external display and 
Comprising 

a receiver for local sensor data from said wearable platforms, 
a remote base station receiving infonuation from a plurality of local hubs and comprising 

said external display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that perfoiins a medical 
evaluation and detemiines a confidence level for the evaluation, said algorithin comprising a rule 
set to calculate a health state classification and indicator of confidence, 
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said rule set providing data prioritization determining the order for 
proceeding thi'ough data interpretation rules for which value levels are predetermined, 
said algorithm comprising interpretation rules for each health state, 
wherein the confidence level is based on the likeUhood of new state ti'ansitions and 
utilizes decision matrices dependent upon the number of parameter values received in a 
predetermined time interval, said confidence score dependent upon 
a parameter set 
a state change score and 
a data persistence score. 

34. The life signs detection system of claim 33 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 

35. The life signs detection system of claim 33 wherein said algorithm comprises tabulated 
inteipretation rules and tabulated boundary conditions and tabulated abnormal values for each 
personal baseline. . . 

36. The life signs detection system of claim 33 wherein the transmitter of the wearable 
platform is a short range RF transmitter having low bandwidth output for local sensor data. 

37. The life signs detection system of claim 33 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 
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38. The life signs detection system of claim 33 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platfonns. 

39. The life signs detection system of claim 33 wherein said remote base station is a PDA 

40. The life signs detection system of claim 33 wherein said algorithm estimates the 
likelihood of injury, 

41. The life signs detection system of claim 33 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 

42. The life signs detection system of claim 33 wherein the processing engine employs a 
subject personal baseline dependent rale. set. 

43. The life signs detection system of claim 33 wherein said display comprises color coded 
health state classifications and decision confidence score. 

44. A life signs detection system for monitoring one significant vital sign and one indirect 
life sign of subjects, said system comprising 

a plurality of wearable platforms, each wearable platform comprising 
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a sensor subsystem comprising 
a heart rate sensor, 
a body motion sensor 
a respiration rate sensor, and 
a temperature sensor, 
wherein the respiration rate sensor detects motion of a subject, 
a processor, and 

a transmitter for local sensor data of medical state information , 
a plurahty of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection from an external display and 
comprising 

a receiver for local sensor data from said wearable platforms, 
a remote base station receiving infomiation from a plurality of local hubs and comprising 

said external display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that perfonns a medical 
evaluation and detennines a confidence level for the evaluation, said algorithm comprising a rule 
set to calculate a health state classification and indicator of confidence. 

45. The life signs detection system of claim 44 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 
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46. The life signs detection system of claim 44 wherein the respiration rate sensor detects 
abdominal motion of the subject. 



47. The life signs detection system of claim 44 wherein said algorithm comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnormal values for each 
personal baseline. 

48. The life signs detection system of claim 44 wherein the transmitter of the wearable 
platform is a short range RF transmitter having low bandwidth output for local sensor data. 

49. The life signs detection system of claim 44 wherein the local transceiver hub comprises a 

short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 

50. The life signs detection system of claim 44 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platforms. 

5 1 . The life signs detection system of claim 44 wherein said remote base station is a PDA 

52. The life signs detection system of claim 44 wherein said algorithm estimates the 
likelihood of injury, 
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53. The life signs detection system of claim 44 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 



54. The life signs detection system of claim 44 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

55. The life signs detection system of claim 44 wherein said display comprises color coded 
health state classifications and decision confidence score. 

56. A life signs detection system for monitoring one significant vital sign and one indirect 
life sign of subjects , said system comprising 

a plurality of wearable platfoniis, each wearable platform comprising 
a sensor subsystem comprising 
a heart rate sensor, 
a body motion sensor 
a respiration rate sensor, and 
a temperature sensor, 
wherein the respiration rate sensor detects motion of a subject, 
a processor, and 

a transmitter for local sensor* data of medical state infohnation , 
a pluraHty of local hubs each comprising 

a separate wearable package comprising 
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a local transceiver hub accepting connection from an external display and 
comprising 

a receiver for local sensor data from said wearable platforms, 
a remote base station receiving information from a plurality of local hubs and comprising 

said extemal display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that performs a medical 
evaluation and determines a confidence level for the evaluation, said algoritlim comprising a rule 
set to calculate a health state classification and indicator of confidence, 

said rule set providing data prioritization detennining the order for 
proceeding through data interpretation rules for which value levels are predetermined, 
said algorithm comprising interpretation rules for each health state. 

57. The life signs detection system of claim 56 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 

58. The life signs detection system of claim 56 wherein the respiration rate sensor detects 
abdominal motion of the subject. 

59. The life signs detection system of claim 56 wherein said algorithm comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnormal values for each 
personal baseline. 
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5U. I'he life signs detection system of claim 56 wherein the transmitter of the wearable 
platfoim is a short range RF transmitter having low bandwidth output for local sensor data. 



61. The life signs detection system of claim 56 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 

62. The life signs detection system of claim 56 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platfomis. 



63. The life signs detection system of claim 56 wherein said remote base station is a PDA 

64. The life signs detection system of claim 56 wherein said algoritlim estimates the 
likelihood of injury, 

65. The life signs detection system of claim 56 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 

66. The life signs detection system of claim 56 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

67. The life signs detection system of claim 56 wherein said display comprises color coded 
health state classifications and decision confidence score. 
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68. A life signs detection system for monitoring one significant vital sign and one indirect 
life sign of subjects, said system comprising 

a plurality of wearable platforms, each wearable platfonifi comprising 
a sensor subsystem comprising 
a heart rate sensor, 
a body motion sensor 
a respiration rate sensor, and 
a temperature sensor, 
wherein the respiration rate sensor detects motion of a subject, 
a processor, and 

a transmitter for local sensor data of medical state infomiation , 
a plurality of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection from an external display and 

comprising • . 

a receiver for local sensor data from said wearable platfomis, 
a remote base station receiving information from a plurality of local hubs and comprising 

said external display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that perfoims a medical 
evaluation and determines a confidence level for the evaluation, said algoritlim comprising a rule 
set to calculate a health state classification and indicator of confidence. 
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said rule set providing data prioritization determining the order for 
proceeding through data interpretation rules for which value levels are predetermined, 
said algorithm comprising interpretation mles for each health state, and 
wherein the confidence level is based on the likelihood of new state transitions and 
utilizes decision matrices dependent upon the number of parameter values received in a 
predetemiined time interval. 

69. The life signs detection system of claim 6S wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 

70. The life signs detection system of claim 68 wherein the respiration rate sensor detects 
abdominal motion of the subject. 

71. The life signs detection system of claim 68 wherein said algorithm comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnoiinal values for each 
personal baseline. . 

72. The life signs detection system of claim 68 wherein the transmitter of the wearable 
platfoiTn is a short range RF transmitter having low bandwidth output for local sensor data. 

73. The life signs detection system of claim 68 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 
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74. The life signs detection system of claim 68 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platfonns. 

75. The life signs detection system of claim 68 wherein said remote base station is a PDA 

76. The life signs detection system of claim 68 wherein said algorithm estimates the 
likelihood of injury, 

77. The life signs detection system of claim 68 wherein said algorithm estimates the 
likelihood of an injuiy and the nature of the injury 

78. The Hfe signs detection system of claim 68 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

79. The life signs detection system of claim 6 8 wherein said display comprises color coded 
health state classifications and decision confidence score. 

80. A life signs detection system for monitoring one significant vital sign and one indirect 
life sign of subjects, said system comprising 

a plurality of wearable platfomis, each wearable platform comprising 
a sensor subsystem comprising 
a heart rate sensor, 
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a body motion sensor 
a respiration rate sensor, and 
a temperature sensor, 
wherein the respiration rate sensor detects motion of a subject, 
a processor, and 

a transmitter for local sensor data of medical state information , 
a plurality of local hubs each comprising 

a separate wearable package comprising 

a local transceiver hub accepting connection fi'om an external display and 
comprising 

a receiver for local sensor data from said wearable platforms, 
a remote base station receiving information from a plurality of local hubs and comprising 

said external display, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm that perfonns a medical 
evaluation and determines a confidence iQvel for the evaluation, said algorithm comprising a rule 
set to calculate a health state classification and indicator of confidence, 

said rule set providing data prioritization detemiining the order for 
proceeding through data inteipretation xailes for which value levels are predetermined, 
said algorithm comprising interpretation* rules for each health state, 
wherein the confidence level is based on the likelihood of new state transitions and 
utilizes decision matrices dependent upon the number of parameter values received in a 
predetermined time interval, said confidence score dependent upon 
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a parameter set 

a state change score and 

a data persistence score. 

81. The life signs detection system of claim 80 wherein the processing engine employs a 
subject personal baseline dependent rule set and tabulated parameter values. 

82. The life signs detection system of claim 80 wherein the respiration rate sensor detects 
abdominal motion of the subject. 

83. The life signs detection system of claim 80 wherein said algoritlim comprises tabulated 
interpretation rules and tabulated boundary conditions and tabulated abnormal values for each 
personal baseline. 

84. The life signs detection system of claim 80 wherein the transmitter of the wearable 
platform is a short range RF transmitter haying low bandwidth output for local sensor data. 

85. The life signs detection system of claim 80 wherein the local transceiver hub comprises a 
short range RF transceiver, a medium or long range transmitter/transceiver and a processor. 

86. The life signs detection system of claim 80 wherein said local sensor data comprises 
periodic and on demand digital data packets of medical state information from said wearable 
platforms. 



wo 2005/046433 PCT/US2004/036587 

87. The life signs detection system of claim 80 wherein said remote base station is a PDA 



88. The life signs detection system of claim 80 wherein said algorithm estimates the 
likelihood of injury, 

89. The life signs detection system of claim 80 wherein said algorithm estimates the 
likelihood of an injury and the nature of the injury 

90. The life signs detection system of claim 80 wherein the processing engine employs a 
subject personal baseline dependent rule set. 

91. The life signs detection system of claim 80 wherein said display comprises color coded 
health state classifications and decision confidence score. 

92. A life signs detection system (LSDS) for monitoring one significant vital sign and one 
indirect life sign of a subject, said system comprising . 

a plurality of wearable platfonxis, each wearable platfoiTn comprising 
a sensor subsystem comprising 
a heart rate sensor, 
a body motion sensor 
a respiration rate sensor, and 
a temperature sensor, 
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wherein the respiration rate sensor detects abdominal motion and is capable of 

detecting motion of the subject, 
a processor 

a short range RF transmitter having low bandwidth output for local sensor data, 
a plurality of local hubs each comprising 

a separate wearable package comprising 
a local transceiver hub comprising 
a short range RP transceiver 

a medium or long range transmitter/transceiver, and 
a processor 

said separate wearable package accepting connection from one or more external 
displays and comprising 
a receiver for local sensor data comprising 

periodic and on demand digital data packets of medical state 
infomiation from said wearable platfomis and, 
a remote base station receiving infprmation from a. plurality of local hubs aftd comprising 
an external display, 

wherein the remote base station is a PDA, and 
a rule processing engine comprising 

a processor executing a health state assessment algorithm, wherein said algorithm 
estimates the likelihood of injury and the nature of an injury, perfonns a medical evaluation and 
determines a confidence level for each of multiple measurements, said algorithm comprising 
a processing engine employing a subject personal baseline dependent 
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rule set and 

tabulated parameter values 
to calculate and display color-coded health state classification and indicators of 
confidence, determining physiologic state, decision confidence score and triage indications, 

said rule set providing data prioritization detennining the order for 
proceeding through data inteipretation rules for which value levels are predetennined, 

said algorithm comprising tabulated interpretation rules for each health state and applying 
tabulated boundary conditions and tabulated abnomial values for each personal baseline, 

wherein the confidence level is based on the likelihood of new state transitions and 
utilizes decision matrices dependent upon the number of parameter values received in a 
predetermined time interval, said confidence level dependent upon 
a parameter set 
a state change score and 
a data persistence score. 

93; A system for processing information on the physical status of one or more subjects 
comprising 

apparatus for transmitting infomiation comprising 

a canier for sensors an*anged to be worn by the subjects for providing electrical 
signals including amplitude and duration Values representative of physical parameters of the 
subjects, and 

a host receiver having a processor that determines whether the amplitude and duration 
values fall within acceptable limits. 
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94. The system for processing infonnation on the physical status of one or more subjects of 
claim 93, having a communications protocol that assigns a set of sensors to a single hub, and a 
set of hubs to a single remote station. 

95. The system for processing information on the physical status of one or more subjects of 
claim 94, wherein a local protocol provides the transport of data between one or more sensors 
and a single hub. 

96. The system for processing information on the physical status of one or more subjects of 
claim 95, said system comprising a plurality of sensors, and wherein a local data packet fonnat is 
extensible, not requiring changes to the hub to accommodate new sensor additions. 

97. The system for processing infomiation on the physical status of one or more subjects of 
claim 96, wherein gaps in the sensor data are accounted for by providing a filler packet, or by the 
indication that the sensor is no longer communicating. 

98. The system for processing information on the physical status of one or more subjects of 
claim 96, wherein the filler packet comprises a timestamp. 

99. The system for processing infonnation on the physical status of one or more subjects of 
claim 98, wherein a distant protocol provides the transport of data between a hub, and the remote 
station. 
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100. The system for processing infonnation on the physical status of one or more subjects of 
claim 99, wherein the distant protocol allows for inteniiptions in the data stream, with later 
recovery of data stored within the hub. 

101. The system for processing infonnation on the physical status of one or more subjects of 
claim 100, wherein the host receiver is comprised within a hub system that has a user interface 
that provides a local health display, wherein the host receiver further comprises a local selection 
mechanism to facilitate the initial association of one or more sensors to a specific hub. 

102. The system for processing infomiation on the physical status of one or more subjects of 
claim 93, wherein the association of a specific hub to a remote station is perfoimed at the hub, or 
via a remote communications link, either to a medic PDA, or back to a remote station. 

103. The systeni for processing information on the physical status of one or more subjects of 
. claim 102, wherein the remote subsystem has a User interface that displays the basic status of . 

multiple hubs within a single display. 

104. The system for processing information on the physical status of one or more subjects of 
claim 103, farther comprising a display of status and data details from at least a single hub. 

105. The system for processing information on the physical status of one or more subjects of 
claim 103, further comprising a medic PDA subsystem that has a user interface for displaying a 
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list of hubs to connect to, and a mechanism to connect and display the detailed data as delivered 
by the hub. 



106. The system for processing infomiation on the physical status of one or more subjects of 
claim 93, wherein a running average of the amplitude and duration values of a group of previous 
respiration cycles is transmitted to the host processor, wherein a small hysteresis value is applied 
to the respiration signal to minimize false "end of cycle" readings due to noise in the signal, and 
wherein said hysteresis value is dynamically adjusted based on the amplitude of the previous 
cycle. 

107. A heart rate trend tracking algorithm, comprising running in parallel 
a first process that tracks an ah-eady established trend, 

a second process that looks for a new trend, and 

a third process that detemiines which of the first and second processes has better data. 

108. The heart rate trend tracking algorithm of claim 107, wherein before presenting incoming 

EKG data to the first process, it is filtered and noise corrected. 

109. A heart rate trend tracking algoritlim comprising 
filtering alid canceling noise firom incoming EKG data * 
presenting the data to trend tracking routines comprising 
a first process that tracks an already established trend, 

a second process that looks for a new trend, and 
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a third process that determines which of the first and second processes has better data, 
several times a second making a decision to keep using an existing trend or to shift to 
using a new trend 

averaging and filtering the EKG data, and 
converting the data into a beats-per-second value. 

110. The heart rate calculation algorithm of claim 109, wherein each incoming EKG pulse is 
time stamped, and those remaining after filtering and noise cancellation are processed in non- 
real-time. 

111. A method for transmitting infomiation on the physical status of a subject comprising 
nanning an algorithm comprising the steps of 

looking for a new trend by 

looking at four most recent inter-beat intervals and 

developing a scoring based on the consistency of these intervals. 

112. The method for transmitting infomiation on the physical status of a subject of claim 111, 
fiarther comprising using a window size of +/- 12.5% 

113. The method for transmitting information on the physical status of a subject of clairri 111, 
wherein only consistent inter-beat intervals are saved in a history aiTay. 
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1 14. The method for transmitting information on the physical status of a subject of claim 111, 
wherein an existing trend is tracked by 

assuming the heart rate to be at a cextain frequency, and 

looking for more heartbeats at these expected intei*vals, 

ignoring extra pulses are ignored 

inserting missing pulses. 



1 15. The method for transmitting information on the physical status of a subject of claim 111, 
wherein an existing trend process is locked onto a new trend when that new trend is seen to be 
strong and stable comprising 

maintaining a score for how well the trend is being tracked. 

unlocking the existing trend when its score is low, and then 

locking onto a new trend when the new trend is seen to exist. 



116, The method for transmitting information on the physical status of a subject of claim 1 1 5, 
* whereiii an array of inter-beat intervals is maintained in order to provide the averaging process 
the infonnation it needs. 



117. The method for transmitting infonnation on the physical status of a subject of claim 1 1 5, 
• wherein if both the trend the trend tracking and acquisition proceisses have low scores, the heart 
rate status is set to "unstable". 
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118. The method for transmitting infonxiation on the physical status of a subject of claim 1 1 5, 
wherein if there are no heartbeats but the EKG contacts are determined to be on-body, then the 
heart rate status is set to indicate "none". 

119. The method for transmitting information on the physical status of a subject of claim 115, 
wherein an averaging filter looks back in time through an array of historic inter-beat intervals 
until it sees at least 4 seconds of pulse timing, and then averages this most recent pulse timing. 

120. The method for transmitting information on the physical status of a subject of claim 115, 
wherein a low pass filter stage limits how fast the heart rate can change, wherein, the rate at 
which the reported heart rate is allowed to approach the calculated heart rate based on the old 
and new trends is limited to 4 BPM per second. 

121. An apparatus for transmitting infomiation on the physical status of a subject comprising 
a carrier for sensors arranged to be worn by the subject for providing electrical signals 

representative of physical parameters of the subjesct^ said carrier comprising 
a central housing, 

two flexible extensions containing external sensors, and 
a harness, and 

electronics residing on a PC board to receive and interpret the electrical signals from the 
sensors, and to process the signals at the location of the subject and send it wirelessly to a local 
receiver or transceiver for retransmission to a separate computer station, 

said electronics measures life signs comprising 
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heart rate by detecting and timing EKG R- waves, 

physical activity and orientation from signals provided by an accelerometer, 

respiration rate by reading a chest expansion sensor, and 

temperature. 

122. The apparatus for transmitting infonnation on the physical status of a subject of claim 

121, further comprising electronics to analyzing the life signs using a health state detenxiination 
algorithm and transmitting the resulting health indication, plus the raw data behind it out of the 
sensor. 

123. The apparatus for transmitting infonnation on the physical status of a subject of claim 

122, wherein the transmission is to a local receiver approximately every two seconds. 

124. An electronics package for an apparatus for transmitting information on the physical 
status of a subject, comprising 

a niicroprocessor having 
low power draw, 
program memory, 
RAM memory, 

EEPROM for non- volatile storage, 
general purpose I/O, 
analog inputs, 
external interrupts. 
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timers, 

high and low speed clocks, 
low-power sleep modes, 
in-circuit progi'ammability, and 
development tools. 

125. The electronics package for an apparatus for transmitting information on the physical 
status of a subject of claim 124, wherein the microprocessor employs sleep modes, wherein a 
high speed crystal mns the processor when it is awake, and a lower-frequency crystal keeps the 
internal timers i^inning when both awake and in a low-power standby mode. 

126. The electronics package for an apparatus for transmitting infomiation on the physical 
status of a subject of claim 124, wherein the apparatus comprises sensors and the output of the 
sensors is transmitted to a local receiver for further transmission to a more remote station, said 
sensors comprising a flex sensor with a variable resistance, that is changed by the electronics into 
a voitage. that is frequency limited using a band pass filter and sampled by the processor using 
one of its built-in analog-to-digital inputs. 



127. The electronics package for an apparatus for transmitting infomiation on the physical 
status of a subject of claim 126, ftirther comprising an RF transmitter, wherein a 1 kHz 
Manchester-encoded data stream is sent out the RF transmitter once every two seconds. 
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128. The electronics package for an apparatus for transmitting infonnation on the physical 
status of a subject of claim 127, wherein the transmitter uses simple on-off keying, thus only 
drawing power when transmitting a "1". 

129. The electronics package for an apparatus for transmitting information on the physical 
status of a subject of claim 127, wherein activity is measured periodically in order to detemiine 
how much movement the user is experiencing by turning on the accelerometer and sampling its 
output at a looking for the highest amount of acceleration that is sampled, and holding that level 
for a few seconds. 

130. A method for transmitting information on the physical status of a subject, wherein 
a bandwidth limited chest expansion voltage of a respiration monitor is sampled, 
an algorithm determines when the wearer is inhaling or exhaling by looking at the 

relative change in the sampled signal, effectively taking a first order derivative that removes the 

DC component of the signal, 

timing an analyzing a binary signal (inhaling or exhaling) for consistent behavior, 

if several similar (+/- 25%) timed breaths are seen, they are averaged together and used as 

the final respiration value, 

if no consistent breaths are seen in a 30 second period, the respiration rate is set to 

"unstable", 

if no chest expansion/contraction is seen for over a minute, respiration rate is set to zero. 
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131. A system for processing information on the physical status of one or more subjects 
comprising 

a sensor subsystem designed to: 

capture and convert the analog data into digital forni, 
perform error detection processing, 

validate the proper application and operation of hardware systems, perfomi 
combined analysis of the biometric data, yielding the overall health metric, 

assemble and transmit periodic data packets to the hub subsystem, and 

accept data received from the hub subsystem, applying configuration or command 
sets to update operational parameters, and 
a hub subsystem designed to: 

collect periodic data from the sensor subsystem(s), 

buffer samples for transmission to the remote station; 

provide minimal user interface capabilities to display the overall health status, and 
allow for sensor subsystem selection to be perfomied; 

perform additional health status processing if multiple sensors are available to a 

single hub; 

provide the uplink processing and data packaging for remote/PDA accesses, and 
a remote subsystem designed to: 

provide status display of multiple hubs; . 

provide expanded status display of one selected hub; and 

provide long-temi data logging for all hubs connected. 
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132. A system for processing information on the physical status of one or more subjects 
comprising 

a first protocol for transferring data from a vital signs sensor to a hub, which comprises a 
concentrator and gateway to a remote station and 

a second protocol for transferring data between the hub, and a remote viewing station that 
may be either a medic PDA, or a grouped display. 

133. The system for processing information on the physical status of one or more subjects of 
claim 132, wherein the first protocol provides communications locally between one or more 
body-wom sensors, and a physically proximate hub/gateway. 

134. The system for processing infomiation on the physical status of one or more subjects of 
claim 133, wherein the data transmitted from the sensor to the hub comprises sensor data and 
control data. 

135. ' The system for processing inforiilation on the physical status of one or more suibjects of 
claim 134, wherein the sensor data contains the data values obtained from one or more vital signs 
sensors that are present and the control data is sent in response to a command from the hub. 

136. Ah apparatus for transmitting inforination on the physical status of a subject comprising 
a 32 Hz clock as the basic timer, and 

a processor running an algorithm that looks at 4 seconds or more of EKG data to 
determine trends and includes filtering trend tracking and analysis, executed at an 8 Hz rate, 
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wherein averaging/filtering is run once every two seconds, and the resulting EKG rate is 
converted to a beats-per-second value every two seconds. 
Algorithm specifics 

137. A method for transmitting information on the physical status of a subject comprising 
interrupting a processor when EKG electrical impulses of sufficient magnitude arrive, 
time stamping every interrupt and saving a record of its having happened 

stop recording interrupts if too many EKG pulses are still waiting processing by the 
filtering process 

periodically clearing the list of pending inteixupts 

removing presumably incorrect EKG infoiination by applying low pass filtering and 
noise cancellation. 

138. The method for transmitting infomiation on the physical status of a subject of claim 137, 
wherein the low pass filter discards incoming pulses that occur less than .125 msec after the 

• previous good pulse. / 

139. A system for processing infoiination on the physical status of one or more subjects 
comprising 

a sensor in carrier for sensors that communicates wirelessly with a health hub comprising 
a device having a processor. 
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140. The system for processing information on the physical status of one or more subjects of 
claim 139, further comprising a RF transceiver operating at the same frequency at both ends of 
the wireless link sending Manchester encoded data. 

141. The system for processing infonnation on the physical status of one or more subjects of 
claim 139, wherein the infomiation is sent in packets with error coixection bits. 

142. A system for processing infoimation on the physical status of one or more subjects 
comprising a health status algoritlim that 

receives copies of the newly received data, 
places the data into individual parameter data buffers 
executes once per second, the health status algorithin on the data buffers, 
updates the display of the health status, along with the confidence score of that 
detemiination. 

143.. • The system for processing information on the physical status of ohe or tnore subjects of 
claim 142, wherein the health status algorithm comprises the steps of: 
data gathering and buffering; 

data averaging and conversion from numeric/symbolic into qualified range data; 
rule lookup processing; 
confidence scoring; and 
result display. 
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144. The system for processing information on the physical status of one or more subjects of 
claim 142, wherein the step of data gathering and buffering comprises 

incrementing once per second the cuixent sample index of these buffers, and 
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new sample index flags are cleared. 

145. The system for processing information on the physical status of one or more 
subjects of claim 143, wherein the conversion from source data to qualified data 
comprises 

processing each parameter ring buffer to provide the average value of the data 
within the ring buffer, 

comparing the average value to defined range boundaries, and 
returning a qualified data range value. 

146. The system for processing information on the physical status of one or more 
subjects of claim 143, wherein mle lookup processing comprises 

having a bitmap of qualified data range results for each parameter, along with a 
result state to be used when a match is found, 

once the current sitates of the ring buffers has been obtained, these states are 
compaired to each rule until either a match is detected, in which case the corresponding 
health state is used, or all rules have been checked, in which case a default state is used. 

147. The system for processing infomiation on the physical status of one or more 
subjects of claim 143, wherein confidence scoring comprises 

detemiining whether or not the current health state has changed, 
deteimining the health state and confidence score, 
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displaying new values on the main dialog, in Hub Health State and Hub 
Confidence fields. 



148. The system for processing information on the physical status of one or more 
subjects of claim 130, further comprising a medic PDA subsystem designed to establish a 
communications link to a single hub unit; and provide display of all available sensor data 
and status information. 



